ABSTRACT.--Parents in many passerines are reported to produce a vocalization at the nest that stimulates nestling begging. Although this phenomenon has been well documented, relatively few studies have systematically examined the use of this call. The purpose of our study was to examine the role of Tree Swallow (Tachycineta bicolor) contact calls in the stimulation of nestling begging. Both male and female Tree Swallows called proportionally more at early nestling stages when nestlings generally were less responsive to the arrival of their parent. Parents called more often before feeding than after, and females called on proportionally more visits in which they brought food than on brooding visits in which they did not bring food. Parents also called significantly more often after the first call if no nestlings Calling near the nest may increase the risk of nest predation (Yasukawa 1989). Thus, it is surprising that parents call to stimulate begging rather than wait for nestlings to beg spontaneously. However, feeding visits may be more efficient if nestlings are gaping when parents arrive with food than if the parents wait for
The purpose of our study was to examine the function of nest-site calls in parent-offspring interactions in Tree Swallows (Tachycineta bicolor). Specifically, we were interested in whether parental calls at the nest stimulate nestlings to beg. Tree Swallows are obligate, secondary cavity nesters, and males and females produce several types of calls in the vicinity of the nest site (Robertson et al. 1992 ).
Adult Tree Swallows emit a "contact" call that is associated with food delivery to the nest (Robertson et al. 1992). We examined the function of the contact call during parental visits to the nest and in an experiment in which we played recorded calls to nestlings to determine whether they respond to calls independently of the presence of their parents.
METHODS
This study was conducted at four sites in the Gaspareau Valley of Nova Scotia, Canada between 1 May and 15 July in 1994 and 1995. Three of the sites were apple orchards in which nest boxes were placed approximately 10 to 20 m apart in grids. The fourth site, which also was the location of the experimental study, was an open field by a river. In the latter site nest boxes were placed every 10 m around the perimeter of the field. Tree Swallows in our population In early May, adults were captured using nest-box traps (Stutchbury and Robertson 1986) and individually marked with acrylic paint and colored leg bands. Females were marked on both sides of the head with a small dot of white acrylic paint, so we could identify the parent's sex during video tape transcriptions. First-egg dates and hatching dates were determined by checking nest boxes every second day until two days before the predicted hatching date, after which they were checked daily.
In 1994 we video-taped inside 11 nest boxes with broods of either four (n = 3) or five (n = 8) nestlings at early (4 to 6 days; hatching = day 1) and late (14 to 16 days) nestling stages. Tree Swallows in this population fledge at approximately 18 days (range 15 to 22 days; Leonard unpubl. data). Twenty-four h before taping we opened the hinged side of each nest box and placed a plexiglass plate in the opening. We then placed a dark plastic bag supported on a small wooden frame around that side of the nest box. This kept the box dark and let parents habituate to the frame that later covered the video camera. Each nestling was then marked on the head with a distinctive pattern of white paint. The next day, a Panasonic PV-900-K VHS video camera was mounted on a tripod and covered by the plastic bag and frame. The camera was a standard distance from the nest (15 cm from objective to edge of nest), aligned horizontally, and adjusted so that the base of the nest hole appeared in the top right corner of the field of view. Each nest was video-taped for 2 h between 0600 and 1000 ADST. Parents resumed feeding within a few minutes of our departure from the box (see Leonard and Horn 1996) .
Video and statistical analyses.--Each time a parent visited the nest we determined its sex, how often it called, and whether it fed a nestling. We also recorded the location of each call and whether it was given before or after a feeding. Call location was divided into three categories: (1) outside the box, which also included calling as the parent entered; (2) standing in the box adjacent to the nestlings; and (3) perched in the nest-box opening facing outside the box. We timed the duration of each visit and recorded whether the female brooded. A trip or visit to the nest was considered to begin when a parent landed or called outside the box and to end when it departed through the nest-box opening. Often we could not see when parents arrived at the nest, because they remained outside the box initially. However, we used the sound produced by parents as they landed to determine arrivals in the absence of calling. We examined the response of each nestling to the arrival of a parent at the nest box (with or without calls) and to the calls of the parent. Nestlings were considered to have responded if they raised their head and gaped. We considered a nestling to have gaped if it opened its mouth for longer than 2 s. We pooled the data for broods of four and five nestlings because parental feeding rate, nestling mass, and begging behavior do not differ significantly between broods of these sizes (Leonard and Horn 1996). Unless stated otherwise, we examined the effect of calling for early stage nestlings only. This is because calling occurs most frequently at this stage, thus providing a more robust sample size. Trips in which females brooded were omitted from analyses examining the factors that influence visit duration.
We observed 658 trips to the 11 nests over both nesting stages. In 620 of these trips parents carried food, and in the remaining 38 trips they came to the nest without food. Thirty-four of these trips were by nine females to brood young in early nestling stages.
We used repeated-measures ANOVA with nests as blocks, so nests rather than individual trips were our unit of replication. All data were plotted to visually confirm that they were normally distributed, and proportions were arcsine transformed (although un- made between the calls of male and female parents. Two calls from each nest were digitized at 8 bits and a 22-kHz sampling rate using SoundEdit (Farallon, Berkeley) software. Using the same software we highpass-filtered the calls at 2 kHz to reduce background noise. We then created a 5-s sequence for each nest consisting of two 0.1-s calls separated by an interval of 1 s, and then followed by approximately 3.8 s of silence. This sequence was repeated 12 times to produce a one-min tape loop (experimental tape). This tape was free of nestling begging calls. We also made two control tapes, one of synthesized white noise (control 1), which was highpass-filtered at 2 kHz, and the other a blank tape (control 2). The white noise tape had the same time sequence as the experimental call tape (i.e. two, 0.1-s bursts of noise at 1-s intervals followed by 3.8 s of silence). The blank tape was played continuously for 1 min. Experimental and control presentations were separated by at least 2 min of silence to allow the nestlings to return to a resting position (i.e. head down). In total, each trial lasted 7 min from the beginning of the first playback. The order in which the tapes were presented was randomized for the first trial, after which we cycled through the combinations (e.g. control 1, control 2, experimental followed by experimental, control 1, control 2, and so on).
Playbacks were presented to 16 broods of nestlings when they were 5 to 8 days old (;• -6.2 days; i.e. the [Auk, Vol. 114 The proportion of nest visits during which the parents called was higher at early than at late nestling stages for both sexes (stage effect, F = 62.44, df = 1 and 8, P = 0.0001; Fig. 1) , and males called on significantly more trips than females at both stages (sex effect, F = 7.65, df = 1 and 8, P = 0.02; Fig. 1) . At early stages, parents gave proportionally more calls outside the box and standing beside nestlings than perched at the nest opening (location effect, F = 13.12, df = 2 and 18, P = 0.000; Fig. 2 Playback experiment.--Nestlings did not respond to the control tapes, but they did respond to parental calls in 75% (12/16) of trials during early stages and 84.6% (11/13) of trials during late stages. Nestlings responded by raising their heads, gaping, and calling ( Given the potential risk of calling near the nest (Yasukawa 1989), it is surprising that parents call to induce begging if they could feed their young during spontaneous bouts of begging (see Bengtsson and Ryd•n 1981, Clemmons 1995b). Indirect evidence suggests that Tree Swallow parents increase the efficiency of feeding trips by stimulating begging. Specifically, trips are significantly shorter for older nestlings, perhaps because they are prepared to feed (i.e. they gape) upon arrival of the parent. Parents presumably would have shorter feeding trips if they stimulated nestlings to beg than if they waited for potentially infrequent bouts of spontaneous begging. This idea is difficult to test, however, because parents almost always call if no nestlings are begging. Parents also might stimulate begging to assess brood
